introduction
In this note I announce and introduce the program LCfit developed for fitting harmonic functions to a data set, particularly to time-series data. LCfit stands for Linear Combination fitting.
The program has linear and non-linear fitting modes and uses an implementation of the Levenberg-Marquardt (LM) least squares fitting algorithm written by Lourakis (2004) for optimizing the parameters. The user gives a data set, base frequencies and linear-combination terms as input. In linear mode, LCfit fits the phases and amplitudes of the linear-combination terms to the data. In non-linear mode, the base frequencies are also fitted using the user input as initial values for these parameters. The result of the fit is given in different forms. The formal uncertainties of the fitted parameters, calculated from the covariance matrix of the results are also given in the output. The program is written in C++. The source code is freely distributed under the terms of the GNU General Public License 1 and is available from the author. The data file is a simple list of whitespace separated time value pairs. Empty lines and lines beginning with '#' are ignored. The fitdef file format is introduced in the next section. If the pw_output command-line argument is given, then a time series prewhitened with the fitted solution is written into that file.
The fitdef file
The harmonic functions to fit, as well as some parameters of the fitting algorithm are given in the fitdef input file, which has the following syntax: The base frequencies not to be fitted are given in the [fixfreq] section in identifier = value format, one on each line. The frequency unit is the inverse of the unit of time used in the input data time-series file. The frequencies given in the [varfreq] section will be fitted by LCfit. It is mandatory to give initial frequency values for the fitted frequencies. If at least one frequency is given in the [varfreq] section, a non-linear fit will be calculated.
The actual Fourier terms to be fitted are given in the [lincomb] section. Note that harmonic terms of the base frequencies will be fitted only when the given base frequency is listed here.
The last, optional section, [LMpar] lists further parameters for the program: t0 is the epoch for which the output should correspond (its default value is the integer part of the time of the first data point of the input data file). The maximum number of iterations of the LM algorithm is given by maxiter (its default value is 1500, which might be insufficient for a complex fit). The step-size for numeric difference calculations, which is set to its default by LCfit according to the length of the data set in order to fit the frequencies appropriately, is given by delta. The modification of this parameter by hand is usually not necessary. For completeness, we mention mu, epsilon1, epsilon2, and epsilon3, which are further LM parameters (for details we refer the reader to the documentation of the LM algorithm in Lourakis 2004) . Their default values are almost always suitable, thus, it is seldom necessary to override them.
Output
The result of the fit is written to the standard output in the following format: In the first part, a summary can be read about the outcome of the fit.
The Minimization info section is self-explanatory. The next section gives the results of the frequency fit. The example shows the output of a fit with both fixed (sid) and fitted (f1, f2) freqencies, according to the example fitdef file. The formal uncertainties are also given for the fitted frequencies.
After the frequency section follows a single line with the fitted zero-point of the data (A0), its uncertainty (DA0) and the epoch or t 0 to which the Fourier parameters listed in the last section correspond.
The last section lists the Fourier parameters of the fitted linear-combination terms. The first column is a serial number of the term, followed by A1 and A2, the amplitudes in cosine-and sine-term (or real and imaginary part) formalism, while A and fi are amplitudes and phases in the sine-amplitude and -phase formalism. The amplitudes are given in the same unit as used in the input file, while the phases are in radians. Dx denotes the uncertainty of x. The last two columns give the frequency of the term (f) and the linear-combination expression (lincomb).
In case the -g (gnuplot output) option is selected on the command line, then the results written to the standard output are formatted in a different way so that the output can directly be used as input for gnuplot as in the following example:
$ lcfit -g lightcurve_file fitdef_file | gnuplot -persist
As a result, gnuplot shows the data and the fitted curve for inspection. An alternative output format can also be chosen with the -c {file} command line option. In this case, the results are not only printed on the standard output, but the Fourier parameters are also written into {file} in the Fourier coefficient file format of MuFrAn (Kolláth, 1990) .
In verbose mode, further information are printed during the run of LCfit both on the standard error and on the standard output channels. If the pw_output command-line argument is given, then a time series prewhitened with the fitted solution is written into that file.
